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Abstract
An eective texture is presented for six Majorana neutrinos, three active and three
(conventional) sterile, based on a 6  6 mass matrix, whose 3  3 activesterile com-
ponent (i.e., Dirac component) is conjectured to get a fermion universal form similar
to the constructed previously 3  3 mass matrix for charged leptons and 3  3 mass
matrices for up and down quarks. This is true, however, when the bimaximal mixing,
specic for neutrinos, is transformed out unitarily from the neutrino mass matrix. The
3  3 activeactive component (i.e., lefthanded component) of neutrino 6  6 mass ma-
trix is diagonal and gets degenerate entries. In such a texture, three neutrino masses
are nearly degenerate, m1 ’ m2 ’ m3, but their mass-square dierences appear hier-
archical, ∆m221  ∆m232 ’ ∆m231, while the remaining three neutrino masses vanish,
m4 = m5 = m6 = 0, in contrast to the familiar seesaw mechanism.
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1. Introduction
As is well known, three Dirac neutrinos are ν(D)α = ναL+ναR (α = e , µ , τ), while three
Majorana active neutrinos and three Majorana (conventional) sterile neutrinos become
ν(a)α = ναL + (ναL)
c
and ν(s)α = ναR + (ναR)
c (α = e , µ , τ), respectively. The neutrino






























αβ are not all zero, then in nature there are realized six Majorana neutrino
mass elds νi or states jνii (i = 1, 2, 3, 4, 5, 6) connected with six Majorana neutrino avor








where we passed to the notation να  ν(a)α and ναs  ν(s)α for α = e , µ , τ . Of course,
ν
(a)




and ναsR  ν(s)αR = ναR, ναsL  ν(s)αL = (ναR)c for α = e , µ , τ .
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The neutrino 6 6 mixing matrix U = (Uαi) (i = 1, 2, 3, 4, 5, 6) appearing in Eqs. (2) is,
at the same time, the unitary 6 6 diagonalizing matrix,
U yMU = Md  diag(m1 , m2 , m3 , m4 , m5 , m6) , (4)
if the representation is used, where the charged-lepton 33 mass matrix is diagonal. This
will be assumed henceforth.
2. Model of neutrino texture












































m > 0 being a mass scale and tij (i, j = 14 , 25 , 36) denoting three dimensionless
parameters.
One can show that the unitary diagonalizing matrix U for the mass matrix M dened










































 , 1(3) =
























withsij = sin θij and cij = cos θij , so that tij = tan θij (ij = 14 , 25 , 36). Such a





















, m6 = 0 (9)







m , m4 = m5 = m6 = 0 . (10)
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The easiest way to prove this theorem is to start with the diagonalizing matrix U given
in Eq. (6) and (7), and then to construct the mass matrix M dened in Eqs. (3) and (5)




βi , where the mass spectrum (9) or (10)
is to be taken into account.
We can see from Eqs. (6) and (7) that our neutrino texture corresponds to the mixing
angles giving c12 = 1/
p
2 = s12, c23 = 1/
p
2 = s23 and c13 = 1, s13 = 0, while cij , sij (ij =
14 , 25 , 36) are to be determined from the experiment.
In this neutrino texture, where the mass matrix M is given in Eqs. (3) and (5), an





































































= M (R) . (13)
Thus, the Dirac 33 component 0M (D) of the mass matrix 0M (transformed unitarily from
M by means of the factor
1
U of the mixing matrix U) becomes diagonal and so, may get a
hierarchical structure similar to the Dirac mass matrices for charged leptons and quarks,
all dominated by their diagonal parts. The transforming factor
1
U given in Eq. (6) works
eectively thanks to its 3  3 submatrix U (3) that is just the familiar bimaximal mixing
matrix [1], specic for neutrinos, describing satisfactorily the observed oscillations of solar

































, as M = (Mαβ) and U = (Uαi). With the use of
0
M given





























not neutrino mass elds, in contrast to νi: in fact,
0
M j 0νii = mij 0νii, while M jνii = mijνii
(
0
M being a unitary transform of the full neutrino mass matrix M).
Specically, the Dirac 3 3 component 0M (D) of the neutrino mass matrix 0M (where
the bimaximal mixing characteristic for neutrinos is transformed out unitarily) may be
conjectured in a fermion universal form that was shown to work very well for the mass
matrix of charged leptons [2] and neatly for mass matrices of up and down quarks [3]
(obviously, in those three cases of charged fundamental fermions there exist only Dirac-


















where µ > 0 , α > 0 and ε > 0 are some neutrino parameters. Since already for
charged leptons ε(e) = 0.172329 is small [2], we will put for neutrinos ε ! 0. We will
also conjecture that for neutrinos α/µ is negligible, as for charged leptons the small(
α(e)/µ(e)
)2




−0.26 MeV [5] when
me = m
exp
e and mµ = m
exp




= 0 the prediction

















= 20.7 µ (16)
in Eqs. (5), (8) and (9), and
c14 ! 1 , c25 = 1√









s14 ! 0 , s25 = 1.23 µ/
0
m√












in Eqs. (7) and (8). Hence, from Eqs. (9) and (16)












Accepting the formulae (16) and making tentatively the conjecture that µ  0m, we can
operate with the approximation, where 0  tij  1 or 0  sij  cij (ij = 14 , 25 , 36).
Then, we get the case of nearly degenerate spectrum of m1 , m2 , m3: m1 ’ m2 ’ m3 ’ 0m,
but with hierarchical mass-square dierences ∆m232  ∆m221 ’ ∆m231, where
∆m221 = 2
0
m2 (t225 − t214) = 3.01 µ2 ,
∆m232 = 2
0
m2 (t236 − t225) = 850 µ2 ,
∆m231 = 2
0
m2 (t236 − t214) = 853 µ2 (19)
due to Eqs. (9) and (16).
The familiar formulae for probabilities of neutrino oscillations να ! νβ on the energy
shell,











, ∆m2ji = m
2




valid when a possible CP violation can be ignored (then Uαi = Uαi), give in the accepted
approximation of s2ij  c2ij that
























P (ν¯e ! ν¯e)Chooz ’ 1− (1 + c225)s225 sin2(x25)Chooz (22)
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for solar νe's, atmospheric νµ's, LSND accelerator νµ's (ν¯µ's) and Chooz reactor ν¯e's,
respectively. The rst two Eqs. (22) dier from the familiar twoavor oscillation formulae
(used often in analyses of neutrino oscillations) by some additive terms that, fortunately,










36  sin2 2θatm  1 , ∆m232  ∆m2atm  3 10−3 eV , (23)
what gives
µ2  3.5 10−6 eV2 or µ  1.9 10−3 eV , (24)
when Eq. (19) is used. The nearly maximal atmospheric oscillation amplitude sin2 2θatm 
1 implies c225  1 and c236  1, which is consistent with µ2 
0
m 2
. For an illustration, taking
sin2 2θatm




> 9.3 10−2 eV due to Eq. (24). If e.g. 0m 1 eV, then sin2 2θatm  0.998.
Making use of the estimate (24) in Eqs. (18) we obtain









The rst formula (22) referring to solar νe's predicts with the use of Eqs. (19) and
(24) that
sin2 2θsol  c225  1 , ∆m2sol  ∆m221  3.01µ2  1.1 10−5 eV2 . (26)
Such a prediction for solar νe's is not inconsistent with the Large Mixing Angle (LMA)
solution [7], though the solar oscillation amplitude in this solution seems to be a bit

























36) may compensate eectively such an
inequality).
From the third formula (22) we can see that in our texture there is predicted a very
small version of the original LSND eect [8] with the oscillation amplitude
6
















where Eqs. (17) and (24) are used (with µ2  0m2). The mass-square scale for such a
version of the LSND eect is equal to
∆m2LSND  j∆m225j = m22 =
0
m2 + 3.01µ2  0m2 + 1.1 10−5 eV2 , (28)




mass-square scale ∆m2sol given in Eq. (26). If e.g.
0
m = O(10−2 eV)−O(1 eV) (with still
µ2  0m2), then sin2 2θLSND = O(10−3 eV)−O(10−11 eV) and ∆ m2LSND = O(10−4 eV2)−
O(1 eV2).
The fourth formula (22) describes the Chooz experiment for reactor ν¯e's. Due to its




25  sin2 2θChooz < 0.1 if ∆m225  ∆m2Chooz > 0.1 eV2 . (29)
This implies for the LSND eect (in our texture) the very small Chooz upper bound
sin2 2θLSND  1
2
s425
< 1.3 10−3 (30)
if ∆m225  ∆m232  3  10−3 eV2, what is consistent with ∆m225 > 0.1 eV2 and gives




in the fourth formula (22). When combined with Eq. (27), the Chooz bound (30) leads






> 1.0 10−2 eV . (32)
This gives in turn the lower limits
∆m2LSND  j∆m225j > 1.1 10−4 eV2 (33)
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and







due to Eqs. (17) and (28), respectively. If e.g.
0
m  9.3  10−2 eV corresponding
to sin2 2θatm  0.85, then sin2 2θLSND  1.9  10−7, ∆m2LSND  8.6  10−3 eV2 and
sin2 2θsol  1.
The eective weighted sum of Majorana neutrino masses contributing to the neutrino-
less double β decay hmei  j∑i U2αimij is in our texture equal to 0m. Thus, the experimen-
tal upper limits for hmei gives 0m = hmei < 0.4(0.2) eV  1 (0.6) eV (cf. Baudis 99B in Ref.
[5]). If e.g.
0
m  0.2 eV corresponding to sin2 2θatm  0.96, then sin2 2θLSND  8.8 10−9,
∆m2LSND  4.0 10−2 eV2 and sin2 2θsol  1.
4. Conclusions
We presented in this note an eective texture for six Majorana neutrinos, three active
and three (conventional) sterile, based on the 6  6 mass matrix dened in Eqs. (3)
and (5), and leading to the mixing matrix given in Eqs. (6) and (7), as well as to the
mass spectrum (9) or (10). We conjectured that the Dirac 3  3 component of such a
neutrino mass matrix (when the bimaximal mixing, specic for neutrinos, is transformed
out unitarily) gets a fermion universal form (15) similar to the 3  3 mass matrix for
charged leptons and 3 3 mass matrices for up and down quarks, constructed previously
with a considerable success [2,3].
This texture predicts reasonably oscillations of solar νe's in a form not inconsistent
with LMA solar solution, if the SuperKamiokande value of the masssquare scale for
atmospheric νµ's is taken as an input. In both cases, neutrino oscillations are practi-
cally maximal. The proposed texture also predicts very small, perhaps unobservable,
LSND eect with the oscillation amplitude of the order O[10−11 (eV/
0
m)4] and the mass




) + O(10−5 eV2). If e.g.
0
m = O(10−1 eV) − O(1eV)
corresponding to sin2 2θatm = O(0.9) − O(1), then sin2 2θLSND = O(10−7) − O(10−11),
∆m2LSND = O(10
−2 eV2)− O(1 eV2) and sin2 2θsol = O(1).
The negative result of Chooz experiment imposes on the oscillation amplitude of LSND
eect (in our texture) a very small upper bound of the order O(10−3), implying for
0
m
a lower limit of the order O(10−2 eV). Notice that the estimations following from the
8
original LSND experiment [8] are e.g. sin2 2θLSND = O(10
−2) and ∆m2LSND = O(1 eV
2).
The new miniBooNE experiment may conrm or revise the original LSND results.
As far as the neutrino mass spectrum is concerned, our model of neutrino texture is
of 3 + 3 type, in contrast to the models of 3 + 1 or 2 + 2 types [10] discussed in the case
when, beside three active neutrinos νe , νµ , ντ , there is one extra sterile neutrino νs. In
those models, three Majorana conventional sterile neutrinos νes , νµs , ντs are decoupled
through the familiar seesaw mechanism, as being practically identical with three very
heavy neutrino mass states ν4 , ν5 , ν6 (of the GUT mass scale). In our model, on the
contrary, νes , νµs , ντs are practically identical with three mass states ν4 , ν5 , ν6 that this
time are constructed to be massless.
In this paper, the most crucial may be the pertinent question, what is the physical
(Higgs?) origin of the Dirac component M (D), Eq. (5), of the neutrino mass matrix
M , where its bimaximal-mixing-free unitary transform
0
M (D), Eq. (13), is conjectured to
be of the fermion universal form (15) (with α/µ negligible in the case of neutrinos). A
somewhat dierent question arises also about the physical (explicit or eective?) origin
of the lefthanded and righthanded components M (L) and M (R), Eqs. (5), of M .
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